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C@ Biochemical analysis apparatus.

L&) A biochemical analysis apparatus for applying a liquid sample onto a long test film, incubating the sample-
applied film portion by an incubator, and measuring the degree of color formation at the sample-applied portion
comprises a test film conveyor for continuously conveying at least the part of the long test film inside of the
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incubator so that a speed v [cm:min.] at which the part of the long test film inside of the incubator is conveyed is
expressed as v=n*1l. The incubator is constituted so that a length L [cm] of the incubator in the direction of
conveyance of the long test film satisfies the condition of Lz(nt+1)*{, where t [cm] denotes the length of a
portion of the long test film necessary for a single step of sample application, t [min.] denotes the incubation
time, and n [numbermin.] denotes the number of repetitions of sample application per unit time.

FI1G.1




156

20

25

30

35

40

45

50

EP 0 304 921 A2

BIOCHEMICAL ANALYSIS APPARATUS

BACKGROUND OF THE INVENTION

Field of th_e Invention

This invention relates to a biochemical analysis apparatus for applying a liquid sample to a test film
provided with a single reagent layer or a plurality of reagent layers, maintaining the test film at a
predetermined temperature (i.e. carrying out incubation) for a predetermined time, and measuring the
degree of color formation given rise to by a reaction of the reagent with the liquid sample during or after the
incubation. This invention particularly relates to a biochemical analysis apparatus suitable for quick
processing.

Description of the Prior Art

Qualitative or quantitative analysis of a specific chemical constituent in a liquid sample is generally
conducted for various industrial purposes. Particularly, it is very important in biochemical and clinical fields
to quantitatively analyze chemical constituents or physical constituents in body fluid such as blood or urine.

In recent years, as disclosed in, for example, Japanese Patent Publication No. 53(1978)-21677 and
Japanese Unexamined Patent Publication No. 55(1980)-164356, there has been developed and put into
practice a dry type chemical analysis slide for quantitatively analyzing a specific chemical constituent or a
specific physical constituent contained in a liquid sample simply by applying a droplet of the liguid sample.
With the chemical analysis slide, it is possible to analyze a liquid sample more simply and more quickly
than with the conventional wet type analysis method. Therefore, the use of the chemical analysis slide is
desirable particularly in medical organizations, research laboratories, or the like where many samples are o
be analyzed.

in order to quantitatively analyze a chemical constituent or the like contained in a liquid sample by use
of the chemical analysis slide, a measured amount of the liquid sample is put on the chemical analysis slide
and is maintained at a predetermined temperature (i.e. incubated) for a predetermined time in an incubator
to cause a color reaction. The chemical analysis slide is then exposed to measuring light having a
wavelength selected in advance in accordance with the combination of the constituent of the liquid sample
with a reagent contained in the reagent layer of the chemical analysis slide, and the light reflected by the
chemical analysis slide is measured in terms of the optical density.

In the medical organizations, research laboratories or the like in which many liquid samples are o be
analyzed, it is desirable that the analysis be conducted automatically and sequentially. To satisfy this need,
there have been proposed various chemical analysis apparatuses for carrying out sample analysis
automatically and sequentially by use of the aforesaid chemical analysis slides. One of such chemical
analysis apparatuses is disclosed in, for example, Japanese Unexamined Patent Publication No. 56{(1981)-
77746. Also, as a means for analyzing liquid samples automatically and sequentially, there has been
proposed in, for example, U.S. Patent No. 3,526,480 an apparatus wherein a long tape-like test film
containing a reagent is utilized instead of the aforesaid chemical analysis slides, and sample application,
incubation and measurement are carried out sequentially by pulling out the test film.

With the technique wherein a single chemical analysis slide is used for a single measurement, many
chemical analysis slides must be processed for automatically and sequentially carrying out the analysis of
liquid samples, and therefore the apparatus becomes complicated, farge and expensive. On the other hand,
the technique wherein the long tape-like test film is used is advantageous for carrying out measurement
automatically and sequentially. However, after the liquid sample is sequentially applied to the test film, a



10

15

20

25

30

35

40

45

50

55

EP 0 304 921 A2

long time is required for the incubation in the incubator. Therefore, for exampie, the test film must be
stopped for a predetermined time with the sample-applied portion thereof accommodated in the incubator,
or the conveyance speed for the test film must be decreased after the sample-applied portion is inserted
into the incubator.

SUMMARY OF THE INVENTION

The primary object of the present invention is to provide a biochemical analysis apparatus which is
made simpie, small and cheap by employing the system utilizing a long tape-like test film advantageous for
carrying out measurement automaticaily and sequentiaily, and wherein sample application, incubation and
measurement of the long test film are carried out sequentially without the incubation time obstructing quick
processing.

Another object of the present invention is io provide a biochemical analysis apparatus which maximizes
the use efficiency of a long test film.

The present invention provides a first biochemical analysis apparatus comprising:

i} a sample accommodating means for accommodating a liquid sample,

i) a test film accommodating means for accommodating a long test film containing a reagent which
reacts with said liquid sample to give rise to a change in optical density,

iiiy a test film conveyance means for sequentially pulling out said long test film accommodated in
said test film accommodating means,

iv) a sample application means for taking up said liquid sample accommodated in said sample
accommodating means and applying a predetermined amount of said liquid sample onto said long test film
at the position to which said long test film has been puiled out of said test film accommodating means,

v) an incubator for maintfaining the sample-applied portion of said long test film at a predetermined
temperature for a predetermined time, and

vi) a measurement means for irradiating light to said sample-applied portion of said long test fiim and
measuring the optical density given rise to by said reaction during or after the passage of said predeter-
mined time,
wherein the improvement comprises:

a) constituting said test film conveyance means {o continuously convey at least the part of said
long test film inside of said incubator so that a speed v [ecm/min.] at which the part of said long test film
inside of said incubator is conveyed is expressed as
v=n*{,
and

b) constituting said incubator so that a length L [cm] of said incubator in the direction of
conveyance of said long test film satisfies the condition
L2(nt+1)° L,
where { [cm] denotes the length of a portion of said long test film necessary for a single step of sample
application, t [min.] denotes said predetermined time, and n [number/min.] denotes the number of
repetitions of said sample application per unit time.

The present invention also provides a second biochemical analysis apparatus for applying the liquid
sample onto the long test film, incubating the sample-applied portion of the long test film by the incubator,
and measuring the degree of color formation at the sampie-applied portion by the measurement means in
the manner as mentioned above,
wherein the improvement comprises:

a) constituting said test film conveyance means to continuously convey at least the part of said long
test film inside of said incubator so that a speed v [cm/min.] at which the part of said long test film inside of
said incubator is conveyed is expressed as
v=n°*{,

b) constituting said incubator so that a length L [cm] of said incubator in the direction of conveyance
of said long test film satisfies the condition ’

L2(nt+1)° ¢,
and

¢) providing said measurement means so that a distance M [cm] between an inlet of said incubator
for said long test film and said measurement means as measured from said inlet of said incubator toward
an outlet thereof satisfies the condition
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M=(nt+1)* 1,

where L [cm] denotes the length of a portion of said long test film necessary for a single step of sample
application, t [min.] denotes said predetermined time, and n [number/min.] denotes the number of
repetitions of said sample application per unit time.

The present invention further provides a third biochemical analysis apparatus for applying the liquid
sample onto the long test film, incubating the sample-applied portion of the long test film by the incubator,
and measuring the degree of color formation at the sample-applied portion by the measurement means in
the manner as mentioned above,
wherein the improvement comprises:

a) constituting said incubator to have a length in the direction of conveyance of said long test film
adapted to accommodation of a plurality of sample-applied portions of said long test film, and

b) providing said measurement means moveably along the part of said long test film inside of said
incubator for measuring the optical density of a plurality of said sample-applied portions of said long test
film inside of said incubator.

The present invention still further provides a fourth biochemical analysis apparatus for applying the
liquid sample onto the long test film, incubating the sample-applied portion of the long test film by the
incubator, and measuring the degree of color formation at the sample-applied portion by the measurement
means in the manner as mentioned above,
wherein the improvement comprises:

a) constituting said incubator to have a length in the direction of conveyance of said long test film
adapted to accommodation of a plurality of sample-applied portions of said long test film, and

b) providing a plurality of measurement means along the part of said long test film inside of said
incubator for measuring the optical density of a plurality of said sample-applied portions of said long test
film inside of said incubator.

The present invention also provides a fifth biochemical analysis apparatus for applying the liquid
sample onto the long test film, incubating the sample-applied portion of the long test film by the incubator,
and measuring the degree of color formation at the sample-applied portion by the measurement means in
the manner as mentioned above,
wherein the improvement comprises:

a) constituting said incubator so that a length L [cm] of said incubator in the direction of conveyance
of said long test film satisfies the condition
L2284 *(nt+1),

b) providing said measurement means so that a distance M [cm] between an inlet of said incubator
for said long test film and said measurement means as measured from said inlet of said incubator toward
an outlet thereof satisfies the condition
Lo (nt+1)SMsL-£ *(nt + 1),
where { [cm] denotes the length of a portion of said long test film necessary for a single step of sample
application, t [min.] denotes said predetermined time, and n [number/min.] denotes the number of
repetitions of said sample application per unit time, and

c) constituting said test film conveyance means to continuously reciprocally move at least the part of
said long test film inside of said incubator in the length direction of said long test film. )

The present invention further provides a sixth biochemical analysis apparatus for applying the liquid
sample onto the long test film, incubating the sample-applied portion of the long test film by the incubator,
and measuring the degree of color formation at the sample-applied portion by the measurement means in
the manner as mentioned above,
wherein the improvement comprises:

a) constituting said test film conveyance means to intermittently convey at least the part of said long
test film inside of said incubator by a distance equal to a length £ [cm] at one time, and

b) constituting said incubator so that a length L [cm] of said incubator in the direction of conveyance
of said long test film satisfies the condition
L2fnt+1]° ¢, ,
where £ [cm] denotes the length of a portion of said long test film necessary for a single step of sample
application, t [min.] denotes said predetermined time, n [number/min.] denotes the number of repetitions of
said sample application per unit time, and [nt+1] denotes the largest integer within the range not larger
than nt+1.

The present invention still further provides a seventh biochemical analysis apparatus for applying the
liquid sample onto the long test film, incubating the sample-applied portion of the long test film by the
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incubator. and measuring the degree of color formation at the sample-applied portion by the measurement
means in the manner as mentioned above.
wherein the improvement comprises: _

a) constituting said test film conveyance means to intermittently convey at least the part of said long
test film inside of said incubator by a distance equal to a length t [cm] at one time,

b) constituting said incubator so that a length L [cm] of said incubator in the direction of conveyance
of said long test film satisfies the condition
L2[nt+1]°¢,
and

¢) providing said measurement means so that a distance M [cm] between an inlet of said incubator
for said long test film and said measurement means as measured from said inlet of said incubator toward
an outlet thereof satisfies the condition
M=[nt+1]°¢,
where t [cm] denotes the length of a portion of said long test film necessary for a single step of sample
application, t [min.] denotes said predetermined time, n [number/min.] denotes the number of rapetitions of
said sample application per unit time, and [nt+ 1] denotes the largest integer within the range not larger
than nt+1.

The present invention also provides an eighth biochemical analysis apparatus for applying the liquid
sample onto the long test film, incubating the sample-applied portion of the long test film by the incubator,
and measuring the degree of color formation at the sample-applied portion by the measurement means in
the manner as mentioned above,
whersin the improvement comprises:

a) constifuting said incubator so that a length L [cm] or said incubator in the direction of conveyance
of said long test film satisfies the condition
L2212 °[nt+1],

b) providing said measurement means so that a distance M [cm] between an inlet of said incubator
for said long test film and said measurement means as measured from said inlet of said incubator toward
an outlet thereof satisfies the condition
{*[nt+1]SMSL-1 *[nt + 1],
and

¢) constituting said test film conveyance means to intermittently move forward at least the part of
said long test film inside of said incubator toward said outlet of said incubator by a distance equal to a
length L [cm] at one time, and to reciprocally move at least the part of said long test film inside of said
incubator so that said sample-applied portion is moved to the position of said measurement means at the
time said optical density is to be measured,
where t [cm] denotes the length of a portion of said long test film necessary for a single step of sample
application, t [min.] denotes said predetermined time, n [number/min.] denotes the number of repetitions of
said sample application per unit time, and [nt+ 1] denotes the largest integer within the range not larger
than nt+1.

With the first and second biochemical analysis apparatuses in accordance with the present invention, in
order that the sample-applied portion of the long test film remains in the incubator for the incubation time t
[min.] when sample application, incubation and measurement are carried out by continuously conveying the
long test film at the speed v [cmymin.], the length L of the incubator may be
Lavi+ ¢ (1)

As is clear from Formula (1), the incubation time t [min.] is defined as the time from when the overall
portion having the length £ [cm] on which & liquid sample has been applied in a single step of sample
application is conveyed into the incubator to when the portion having the length t [cm] is at least partially
conveyed out of the incubator, i.e. the time for which the overall portion having the length t [cm] is
accommodated in the incubator.

From Formula (1) and
v=n*{ (2)
there obtains the formula
La(nt+1)°t 3)

With the first biochemical analysis apparatus in accordance with the present invention whersin the test
film conveyance means continuously conveys at least the part of the long test film inside of the incubator at
the speed v [crm/min.] and the length L of the incubator satisfies Formula (3), the incubation time does not
obstruct quick processing when the sample application, incubation and measurement are carried out
continuously and quickly.
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Also, for an end point process wherein measurement is carried out when the incubation time t {min.]
has elapsed, the measurement means may be provided at the position of
M=vt+1 (4)

Substitution of Formula (2) into Formuia (4) yields
M=(nt+1)*t (5)

With the second biochemical analysis apparatus in accordance with the present invention, the test film
conveyance means continuously conveys at least the part of the long test film inside of the incubator at the
speed v [cm/min.], the fength L of the incubator satisfies Formula (3), and the measurement means is
provided at the position satisfying Formula (5). Therefore, the incubation time does not obstruct quick
processing when the sample application, incubation and measurement are carried out continuously and
quickly in an apparatus for measuring by the end point process.

With the third and fourth biochemical analysis apparatuses in accordance with the present invention
wherein the incubator has the length adapted to accommodation of a plurality of sample-applied portions in
the direction of conveyance of the long test film, a plurality of the sample-applied portions can be incubated
simultaneously, and therefore incubation processing per unit time can be increased over an apparatus
wherein a single sample-applied portion is incubated at one time. Also, in the case where the sample
application is carried out sequentially for a plurality of portions of the long test film, the time elapsed after
the start of the incubation differs among a plurality of the sample-applied portions. However, with the third
biochemical analysis apparatus in accordance with the present invention wherein the measurement means
is moveable along the part of the long test film inside of the incubator, and with the fourth biochemical
analysis apparatus in accordance with the present invention wherein a plurality of the measurement means
are provided along the part of the long test film inside of the incubator, a predetermined sampie-applied
portion can be measured when a predetermined time has elapsed after the start of the incubation.

With the third and fourth biochemical analysis apparatuses in accordance with the present invention
wherein a plurality of the sample-applied portions are incubated simultaneously and the measurement
means is moveable or a piurality of the measurement means are provided, sequential processing can be
carried out quickly. Also, as the measurement means is moveable or a plurality of the measurement means
are provided, the use efficiency of the long test film can be maximized regardless of the end point process
wherein the optical density is measured after the incubation is carried out for a predetermined time and a
rate process wherein the optical density is measured multiple times during the incubation and a change in
the density is investigated.

With the fifth biochemical analysis apparatus in accordance with the present invention wherein at least
the part of the long test film inside of the incubator is continuously moved reciprocally in the length
direction of the long test film, a predetermined sample-applied portion can be moved to the position of the
measurement means and measured when a predetermined time has elapsed after the start of the
incubation. This operation can be carried out for each of a plurality of the sample-applied portions of the
long test film to which the liquid sample has been applied sequentially. Also, with the fifth biochemical
analysis apparatus in accordance with the present invention wherein the incubator has the length of L2217 °-
(nt+1) and the measurement means is provided at the position of £*(nt+1)sMsL-2 *(nt+ 1), the sample-
applied portion of the long test film does not come out of the incubator when the sample-applied portion is
moved for the measurement, and the incubation can be carried out continuously.

In the fifth biochemical analysis apparatus in accordance with the present invention, the incubation time
t {min.] is defined as the time for which the overall portion having the length £ [cm] with a liquid sample
applied thereon in a single step of sample application is accommodated in the incubator.

With the configuration of the fifth biochemical analysis apparatus in. accordance with the present
invention, sequential processing can be carried out quickly and the use efficiency of the long test film can
be maximized in both the end point process and the rate process.

In the sixth and seventh biochemical analysis apparatuses in accordance with the present invention, the
long test film is conveyed intermittently by a distance equal to the length £ [cm] necessary for a singe
sample application step at one time. Figure 8 shows the temporal movement condition of the portion of the
long test film, on which the liquid sample has been applied in a single step, in the incubator. With reference
to Figure 8, a period = [min.] of the intermittent conveyance of the long test film is expressed as
r=T71 + T2 6)
where 71 [min.] denotes each stop time for which the long test film is stopped in the intermittent
conveyance, and 72 [min.] denotes each movement time between the start of the movement of the long test
film 3 after the stop time 71 [min.] and the stop at the next stop position after the movement by a distance
equal to the length 1 [cm]. Therefore, the number n [number/min.] of repetitions of the sample application
per minute is expressed as
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n'_"

Ty + 72 T

e (7))

In this case, the incubation time t [min.] is defined as the time from when the overall portion having the
length t [cm] on which a liquid sample has been applied in a single step of sampie application is conveyed
into the incubator to when the portion having the length £ [cm] is at least partially conveyed out of the
incubator, i.e. the time for which the overall portion having the length t [cm] is accommodated in the
incubator.

In the case whers the long test film is conveyed continuously so that the conveyance speed v [cm/min.]
is exp&essed as
v=-——=n"t (8)
as indicated by the rightwardly-rising, parallel straight lines in Figure 8, in order that the overall sample-
applied portion having the length { [cm] is accommodated in the incubator for the incubation time t [min.},
the length L’ [cm] of the incubator should satisfy the condition
L'2vet+t=@mt+1)*t (9

However, in the sixth and seventh biochemical analysis apparatuses in accordance with the present
invention, the long test film is conveyed intermittently so that it stops for the time 1 [min.] and moves for
the time 72 [min.]. Also, as shown in Figure 8, an end point t0 of the stop time 1 [min.; is generally
selected as the end of the incubation time t [min.]. Therefore, the necessary length L (i.e. L) [cm] of the
incubator should satisfy the condition
Lz[nt+1]1°t (10
where [nt + 1] denotes the largest integer within the range not larger than nt+1.

With the sixth biochemical analysis apparatus in accordance with the present invention, the test film
conveyance means intermittently conveys at least the part of the long test film inside of the incubator by a
distance equal to the length £ [cm] at one time, and the incubator is constituted so that the length L {cm]
satisfies the condition of Formula (10). Therefore, the incubation time does not obstruct quick processing
when the sample application, incubation and measurement are carried out continuously and quickly.

Also, in the end point process, the measurement means may be provided at the position for measuring
the optical density when incubation time t [min.] has elapsed. Therefore, the distance M [cm] is expressed
as
M=[nt+1]"1¢ (11)

With the seventh biochemical analysis apparatus in accordance with the present invention, the test film
conveyance means intermittently conveys at least the part of the long test film inside of the incubator by a
distance equal to the length { [cm] at one time, the incubator is constituted so that the length L [cm]
satisfies the condition of Formula (10), and the measurement means is provided at the position satisfying
the condition of Formula (11). Therefore, the incubation time does not obstruct quick processing when the
sample application, incubation and measurement are carried out continuously and quickly in the apparatus
for measuring the optical density by the end point process.

With the eighth biochemical analysis apparatus in accordance with the present invention, the test film
conveyance means intermittently conveys the part of the long test film inside of the incubator toward the
outlet of the incubator by a distance equal to the length t [cm] necessary for a single step of sample
application at one time. At the time the optical density is to be measured, the test film conveyance means
reciprocally moves the part of the long test film inside of the incubator so that the sample-applied portion of
the long test film the optical density of which is to be measured is moved to the position of the
measurement means. Therefore, a predetermined sample-applied portion can be moved to the position of
the measurement means and measured when a predetermined time has elapsed after the start of the
incubation. This operation can be carried out for each of a piurality of the sample-applied portions of the
long test film to which the liquid sample has been applied sequentially. Also, with the eighth biochemical
analysis apparatus in accordance with the present invention wherein the incubator has the length of L221 -
[nt+1] and the measurement means is provided at the position of L°*[nt+ 1]sMsL-t *[nt+ 1], the sample-
applied portion of the long test film does not come out of the incubator when the sample-applied portion is
moved for the measurement, and the incubation can be carried out continuously.

In the eighth biochemical analysis apparatus in accordance with the present invention, the incubation
time t [min.] is defined as the time for which the overall portion having the length ¢ [cm] with a liquid
sample applied thereon in a single step of sample application is accommodated in the incubator.
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With the configuration of the eighth biochemical analysis apparatus in accordance with the present
invention, sequential processing can be carried out quickly and the use efficiency of the long test film can
be maximized in both the end point process and the rate process.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view showing an embodiment of the first biochemical analysis apparatus in
accordance with the present invention,

Figure 2 is a plan view showing the major part of the embodiment shown in Figure 1,

Figure 3 is a sectional view taken along line X-X of Figure 2,

Figure 4 is a sectional view showing another embodiment of the first biochemical analysis apparatus
in accordance with the present invention,

Figure 5 is a sectional view taken along line X-X of Figure 2 and showing an embodiment of the
second biochemical analysis apparatus in accordance with the present invention,

Figure 6 is a sectional view showing another embodiment of the second biochemical analysis
apparatus in accordance with the present invention,

Figure 7 is a sectional view taken along line X-X of Figure 2 and showing an embodiment of the third
biochemical analysis apparatus in accordance with the present invention,

Figure 8 is a graph showing the temporal movement condition of the portion of the long test film, on
which the liquid sample has been applied in a single step, in the incubator,

Figures 9A and 9B are explanatory views showing the condition of sample application onto a long
test film in the embodiment shown in Figure 7, .

Figure 10 is a graph showing an example of the relationship between the movement of- a sample-
applied portion and the movement of a measurement means,

Figure 11 is a sectional view showing another embodiment of the third biochemical analysis
apparatus in accordance with the present invention,

Figure 12 is a sectional view taken along line X-X' of Figure 2 and showing an embodiment of the
fourth biochemical analysis apparatus in accordance with the present invention,

Figures 13A and 13B are explanatory views showing the condition of sample application onto a long
test film in the embodiment shown in Figure 12,

Figure 14 is a graph showing an example of the relationship between the movement of a sample-
applied portion and change-over of a plurality of measurement means,

Figure 15 is a sectional view taken aliong line X-X' of Figure 2 and showing an embodiment of the
fifth biochemical analysis apparatus in accordance with the present invention,

Figure 16 is a sectional view showing another embodiment of the fifth biochemical analysis apparatus
in accordance with the present invention, and

Figures 17A and 17B are explanatory views showing the condition of sample application onto a long
test film in an embodiment of the eighth embodiment of the biochemical analysis apparatus in accordance
with the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will hereinbelow be described in further detail with reference to the accompany-
ing drawings.

With reference to Figure 1 showing an embodiment of the first biochemical analysis apparatus in
accordance with the present invention, a biochemical analysis apparatus 1 is provided with a transparent
cover 2, and a liquid sample, a long tape-like test film 3 and the like are fed into and out of the apparatus 1
by opening the cover 2. The apparatus 1 is provided with a sample accommodating means 4 for
accommodating a liquid sample such as blood serum or urine along a ring-like area, and the liquid sample
is taken up from the sample accommodating means 4 and applied onto the long test film 3 by a sample
application means 5 as will be described later. The long test film 3 contains a reagent undergoing a color
reaction with only a specific chemical constituent or a specific physical constituent that is to be analyzed in
the liquid sample, and many kinds of the long test films 3, 3, ... are prepared in accordance with the
measurement items. An unused portion of the long test film 3 which has not yet been used for
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measurement is wound up in a film feed cassette 7, and the used portion of the long test film 3 which has
already been used for measurement is wound up in a film wind-up cassette 8. The lot number, film number,
measurement item, working life and other information on the long test film 3 are indicated by, for example,
a bar code 9, on one face of the film wind-up cassette 8. At the center of a resl 10 in the film wind-up
cassette 8, a hole 11 is provided for engagement with a rotation shaft of a motor for puiling the long test
film 3 out of the film feed cassette 7 after the long test film 3 has been accommodated in the biochemical
analysis apparatus 1 as will be described later. The long test film 3 is accommodated in the biochemical
analysis apparatus 1 in the form wound up in the film feed cassette 7 and the film wind-up cassette 8. As
shown in Figure 1, the film feed cassefte 7 and the film wind-up cassette 8 are formed independently of
each other. A test film accommodating means 12 accommodates unused portions of a plurality of the long
test films 3, 3, ... in parallel so that various items of measurements can be carried out simultaneously by
use of the apparatus 1. The sample application means 5 is provided with a sample applying nozzie 15 at
the end, and is moved in the extending direction of a rail 16 by a movement means 17 placed on the raii 16
for taking up the liquid sample from the sample accommodating means 4, and applying the liquid sample
onto the long test film 3 pulled out by a test film conveyance means from the test film accommodating
means 12. The movement means 17 also moves the sample application means 5 vertically. The sample
application means 5 is kept at its upper position at the time it is moved by the movement means 17 in the
extending direction of the rail 16, and is moved down at the time of taking out and application of the liquid
sample and at the time of washing as will be described later.

After applying the liquid sample onto the test film, the sample applying nozzle 15 is washed at a nozzle
washing region 18 provided close to the test film accommodating means 12 and the sampie accommodat-
ing means 4 therebetween, and is reused for sample application.

The test film on which the liquid sample has already been applied is incubated by an incubator as will
be described later, and subjected to measurement by a measurement means.

Control of operations of the overall apparatus 1, processing of the measurement data and the like are
carried out by a circuit region 19 and a computer 20 connected therewith. An operating and display region
21 on the front surface of the circuit region 19 is provided with a power source switch for the apparatus 1,
an ammeter for monitoring the current consumption in the apparatus 1, and other members. The computer
20 is provided with a keyboard 22 for giving instructions to the apparatus 1, a CRT display device 23 for
displaying the subsidiary information for instructions, measurement results and other items, a printer 24 for
printing the measurement results, and a floppy disk drive unit 25 for accommodating a floppy disk for
storage of commands for giving various instructions to the apparatus 1 and the information on the
measurement resulis.

With reference to Figure 2 showing the major part of the apparatus 1, the test film accommodating
means 12 is constituted so that sample applying positions 41, 41, ... for all of the test films pulled out of the
test film accommodating means 12 stand in a straight line indicated by the chain line. Also, the nozzle
washing region 18 and a liquid sample take-out position 40a in the sample accommodating means 4 are
disposed on said straight line. The arrangement of the aforesaid positions and the nozzle washing region 18
on the straight line simplifies the configuration of the movement means as will be described later, which in
turn contributes to a decrease in operation failures and cost of the apparatus 1.

The sample accommodating means 4 accommodates a plurality of sample cups containing liquid
samples in accommodating regions 40, 40, ... disposed in the ring-like area. A sensor for detecting whether
the sample cup has been accommodated is provided at each of the accommeodating regions 40, 40, ..
When the accommodation of the sample cup is detected by the sensor, information indicating the
accommodation of the sample cup and the accommodating position is transmitted to the computer 20 via
the circuit region 19 shown in Figure 1, and a warning is issued to the operator by sound, light or the like
for requesting entry of information on the liquid sample contained in said sample cup and entry of
instructions (for example, 1D information for identifying the liquid sample and the measurement item for the
liqguid sample) from the keyboard 22. Alternatively, no warning may be issued, and the information and
instructions which are to be entered are displayed on the CRT display. Erronecus entry and entry failure
can be prevented in the case where the accommodating position is detected automatically and entry of the
information and instructions on the liquid sample contained in the sample cup is requested at the time the
sample cup is accommodated in each of the accommodating regions 40, 40, ... in the case where take-out
of the sample cup from the accommodating region 40 is detected by the sensor before the liquid sample is
taken by the sample application means 5 out of the accommodated sample cup for the purpose of
measurement, a warning is issued to the operator.

The accommodating regions 40, 40, ... are automatically rotated by a rotation means (not shown) along
the circular path until the liquid sample which is accommodated in one of the accommodating regions 40,
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40, ... and which is to be used for the next measurement arrives at the take-out position 40a. In order to
prevent the liquid samples accommodated in the accommodating regions 40, 40, ... from evaporating and
deteriorating, a cover (not shown) is provided on the accommodating regions 40, 40, ... outside of the take-
out position 40a.

The sample application means 5 is moved by the movement means 17 in the extending direction of the
rail 16, takes up the liquid sampie from the take-out position 40a, and applies it to the sample applying
position 41 on the test film.

Figure 3 is a sectional view taken along line X-X of Figure 2. In Figure 3, similar elements are
numbered with the same reference numerals with respect to Figures 1 and 2. With reference to Figure 3,
the long test film 3 is accommodated in the film feed cassette 7 and the film wind-up cassette 8 and is
accommodated in this form in the apparatus 1. The film feed cassetie 7 is accommodated in a refrigerator
50 which constitutes the test film accommodating means 12, and the film wind-up cassette 8 is accom-
modated in a wind-up chamber 51.

With the configuration wherein the unused portion of the long test film 3 is accommodated in the fiim
feed cassette 7, the unused long test film 3 can be accommodated in the test film accommodating means
12 without the hands of the operator contacting the unused long test film 3.

As mentioned above, by way of example, the bar code 9 indicating the lot number, film number,
measurement item, working life and other information on the long test film 3 is provided on one face of the
film wind-up cassette 8. The information indicated by the bar code 9 is read by a bar code reading means
52 provided at a position in the wind-up chamber 51 corresponding to the position at which the bar code 9
is located when the film wind-up cassette 8 is accommodated in the wind-up chamber 51. The information
thus read is stored on, for example, the floppy disk in the floppy disk drive unit 25 shown in Figure 1, and is
used for control of the measurement item and control of the length of the unused film portion remaining in
the film feed casseite 7, and elimination of measurement errors caused by fluctuations among production
lots of the long test films 3, 3, ... Also, in the case where the long test film 3 is taken out of the apparatus 1
after being used partially, the film number, the length of the remaining unused film portion and other
information on the long test film 3 are stored on the floppy disk uniess a deletion command is entered from
the keyboard 22 shown in Figure 1 or until the information is deleted automaticaily at the time the long test
film 3 runs out of the working life. When the long test film 3 is again accommodated in the test film
accommodating means 12 for reuse, the film number of the long test film 3 is compared with the
information stored on the floppy disk, and the length of the remaining unused portion of the long test film 3
and other items are controlled again.

The aforesaid bar code 9 may be provided on the film feed cassette 7, and the bar code reading means
52 may be provided inside of the refrigerator 50. Also, the means for fransmitting the lot number, the
working life and other information on the long test film 3 to the apparatus 1 is not limited to the bar code 9
and the bar code reading means 52, and any other means may be employed for this purpose insofar as the
information can be recorded on the film feed cassette 7 or on the film wind-up cassette 8 and can be read
at the time the long test film 3 is accommodated in the apparatus 1.

The refrigerator 50 is enclosed by a refrigerator wall 54 composed of a heat insulating material. A
cooling and dehumidifying device 58 for keeping the inside of the refrigerator 50 at a predetermined low
temperature and low humidity is provided on one surface of the refrigerator wall 54, and air inside of the
refrigerator 50 is circulated by a fan 60.

When the film wind-up cassette 8 is accommodated in the wind-up chamber 51, a rotation shaft of a
test film wind-up motor 53 constituting the test film conveyance means for the long test film 3 provided in
the wind-up chamber 51 engages with a hole 11 formed at the center of a reel 10 of the film wind-up
casseite 8. As the motor 53 is rotated, the long test film 3 is continuously pulled out of the film feed
cassette 7 through a film outlet 49 of the refrigerator 50, and is wound up in the film wind-up cassette 8.
The speed v {cm/min.] of said puil-out is expressed by
v=n*t
where 1 [cm] denotes the length of a portion of the long test film 3 necessary for a single step of sample
application, and n [number/min.] denotes the number of repetitions of the sample application per minute.

With the configuration wherein the used portion of the long test film 3 is accommodated in the film
wind-up cassette 8, the used long test film 3 on which the liquid sample has already been applied can be
taken out of the apparatus 1 and discarded or processed for other purposes without the hands of the
operator contacting the used long test film 3. For discarding the used long test film 3, instead of winding up
the used film around the film wind-up cassette 8, the film wind-up casseite 8 may be omitted, a box for
receiving the film and capable of being fitted to and removed from the apparatus 1 may be provided at the
position of the wind-up chamber 51, a cutter for cutting the used film may be provided near the inlet of the
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region of the wind-up chamber 51, and the used film may be cut and accommodated in the box. With this
configuration, the used film contained in the box can be taken out of the apparatus 1 together with the box
and discarded or processed for other purposes without the hands of the operator contacting the used film.
In this case. conveyance of the test film may be carried out by the provision of conveying rollers for
grasping and conveying the test film.

An elongated pipe 43 continuing into a leading edge 15a of the sample applying nozzie 15 is provided
in the sample application means 5. The pipe 43 is communicated with a flexible pipe 44 so that the liquid
sample is fed through the pipes 43 and 44 into the sample application means § and applied onto the long
test film 3. At the time the sample applying nozzie 15 is to be washed, the leading edge 15a of the sample
applying nozzle 15 is immersed in a small vessel containing distilled water and provided at the nozzle
washing region 18, and washing liquid is delivered from a tank (not shown) through the pipes 42 and 44.

A liquid level detector 45 is provided in parallei with the sample applying nozzie 15 in the vicinity
thereof. The liquid leve! detector 45 is provided so that its leading edge 45a is slightly (for example, by
approximately 2.5mm) higher than the leading edge 15a of the sample applying nozzle 15. When the
sample application means 5 is moved down by the movement means 17 for taking up the liquid sample
accommodated in the sample accommodating means 4, the leading edge 15a of the sample applying
nozzle 15 enters the liquid sample, and the leading edge 45a of the liquid level detector 45 contacts the
liquid sample. At this time, a signal indicating that the leading edge 45a of the liquid level detector 45 has
contacted the liquid sample is produced by the liquid level detector 45, and transmitted to the circuit region
19 shown in Figure 1 through a signal line 46. Based on the signal, the downward movement of the sample
application means 5 is stopped. In this manner, the leading edge 15a of the sample applying nozzle 15 can
be entered into the liquid sample up to a predetermined depth from the surface of the liquid sample
regardless of the amount of the liquid sample.

The exposed portion of the long test film 3 between the film feed cassstte 7 and the film wind-up
cassette 8 passes through an incubator 55 having the inside maintained at a predetermined temperature (for
example, 37" ). A measurement means 57 for measuring the optical density produced by a color reaction of
the long test film 3 with the liquid sample is disposed on the lower side the incubator 55. The measurement
means 57 is reciprocally moveable by a movement means (not shown) in the directions as indicated by the
arrows A and B between a position (i.e. the position of the measurement means 57 indicated by the solid
line) for measurement of the optical density of the long test film 3 at a sample applying position 61 at which
the liquid sample is applied by the sample application means 5 and a position (i.e. a position 57 indicated
by the broken line) at the tailing edge of the incubator 55 on the side of the wind-up chamber 51. In this
manner, the measurement means 57 measures the background, i.e. the optical density of the long test film
3 without the liquid sample applied thereon, at the sampie applying position 61, and the optical density at a
plurality of the sample-applied portions of the long test film 3 inside of the incubator 55.

The length L [cm] of the incubator 55 in the direction of conveyance of the long test film 3 is defined as
described below. Specifically, the incubator 55 has the length L [cm] expressed as
Lavet+t (12 '
where { [cm] denotes the length of a portion of the long test film 3 necessary for a single step of sample
application, t [min.] denotes the time for which the sample-applied portion of the long test film 3 is to be
maintained at a predetermined temperature inside of the incubator 55, n [number/min.] denotes the number
of repetitions of the sample application per unit time, and v [cm/min.] denotes the wind-up speed at which
the long test film 3 is continuously wound up by the wind-up motor 53. In this embodiment, the wind-up
speed is equal to the speed at which the long test film 3 is pulled out of the film feed cassette 7, and the
speed of conveyance of the pulled-out long test film 3 inside of the incubator 55. As mentioned above, the
formula
v=n-*t (13)
applies. Substitution of Formula (13) into Formula (12) yields
Lz{(nt+1)°*1? (14)

In the case where the incubator 55 has the length expressed by L, the processing capacity of the apparatus
1 does not decrease even though a long time t [min.] is taken for the incubation.

In order to define the length L of the incubator 55, it is only necessary that the conveyance speed of
the part of the long test film 3 be equal to v [cm/min.]. For example, the long test film 3 may be
intermittently pulled out of the film feed cassette 7, and a buffer for shifting the conveyance of the long test
fitm 3 from the intermittent operation to the continuous operation may be provided between the refrigerator
50 and the sample applying position 61.

As mentioned above, the biochemical analysis apparatus 1 is constituted to simultaneously accom-
modate a plurality of the long test films 3, 3, ... The incubation time t [min.] often differs among the long
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test films 3, 3, ... for use in analysis of different chemical ingredients or the like. In this case, the length of
the incubator 55 should preferably be adjusted to be equal to the length corresponding to the longest
incubation time, so that a long test film 3 requiring a long incubation time may be accommodated at any
position in the test film accommodating means 12. Also, in the case of a single-function type apparatus
capable of accommodating only a single long test film 3, the length L [cm] of the incubator 55 is adjusted in
accordance with a long test film 3 requiring the longest incubation time t [min.] among a plurality of the long
test films 3, 3, ... which are expected to be used in the apparatus.

Figure 4 shows another embodiment of the first biochemical analysis apparatus in accordance with the
present invention. In Figure 4, similar elements are numbered with the same reference numerals with
respect to Figure 3.

With reference to Figure 4, an incubator 55 of a biochemical analysis apparatus 1 is shaped in a
circular arc-like form, and. the measurement means 57 is reciprocally moveable by a movement means (not
shown) in the directions as indicated by the arrows C and D along the circular arc between a position (i.e.
the position of the measurement means 57 indicated by the solid fine) for measurement of the optical
density of the long test film 3 at the sample applying posntlon 61 and a position (i.e. a position 57" mdlcated
by the broken line) at the tailing edge of the incubator 55 on the side of a wind-up chamber 51" In this
manner, the measurement means 57 measures the background, i.e. the optical density of the long test film
3 without the liquid sample applied thereon, at the sample applying position 61, and the optical density at a
plurality of the sample-applied portions of the long test film 3 inside of the incubator 55 .

The circular arc-like configuration of the incubator 55 is advantageous for making the apparatus 1
compact.

The conveyance speed v [cm/mln ] of the part of the long test film 3 inside of the incubator 55 and the
length L [cm] of the incubator 55" are defined in the same manner as in the embodiment shown in Figure 3.

An embodiment of the second biochemical analysis apparatus in accordance with the present invention
will hereinbelow be described with reference to Figures 5 and 6. In Figure 5, similar elements are numbered
with the same reference numerals with respect to Figure 3.

With reference to Figure 5, the length L [cm] of the incubator 55 in the direction of conveyance of the

long test film 3 is defined in the same manner as in the embodiment shown in Figure 3. Also, a distance M
[cm] between the inlet of the incubator 55 for the long test film 3 and a measurement means 157 as
measured from the inlet toward the outlet of the incubator 55 is defined as described below. Measurement
by an end point process can be carried out by providing the measurement means 157 at a position of
M=v*t+1 (15)
where ¢ [cm] denotes the length of a portion of the long test film 3 necessary for a single step of sample
application, t [min.] denotes the time for which the sample-applied portion of the long test film 3 is to be
maintained at a predetermined temperature inside of the incubator 58, and v [cm/min.] denotes the wind-up
speed. Substitution of Formula (7) into Formula (9) yields
M=(nt+1)* L (16)
In the case where the incubator 55 has the length expressed by L, the processing capacity of the apparatus
1 does not decrease even though a long time t [min.] is taken for the incubation. Also, as the measurement
means 157 is provided at the position indicated by M in Formula (16), measurement using the end point
process can be carried out continuously by measuring the optical density of the sample-applied portion of
the long test film 3 at the time the sample-applied portion passes over the measurement means 157.

In order to define the length L of the incubator 55 and the position of the measurement means 157, it is
only necessary that the conveyance speed of the part of the long test film 3 be equal to v {cm/min.]. For
example, the long test film 3 may be intermittently pulled out of the film feed cassette 7, and a buffer for
shifting the conveyance of the long test film 3 from the intermittent operation to the continuous operation
may be provided between the refrigerator 50 and the sample applying position 61.

Also, in the embodiment shown in Figure 5, a measurement means 157 may be provided for
measuring the optical density of the long test film 3 at the sample applying position 61 at which the liquid
sample is applied by the sample application means 5. The background, i.e. the optical density of the Iong
test film 3 without the liquid sample applied thereon, may be measured by the measurement means 157,
and the value measured by the measurement means 157 after the sample application and incubation are
carried out may be corrected based on the measured value. in this manner, the measurement accuracy can
be improved.

As mentioned above, in this embodiment, the biochemical analysis apparatus 1 is constituted fo
simultaneously accommodate a plurality of the long test films 3, 3, ... The incubation time t [min.] often
differs among the long test films 3, 3, ... for use in analysis of different chemical ingredients or the fike. In
this case, the length of the incubator 55 should preferably be adjusted to be equal to the length
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corresponding to the longest incubation time, so that a long test film 3 requiring a long incubation time may
be accommodated at any position in the test film accommodating means 12. In this case. the measurement
means 157 is manually or automatically moved to the position corresponding to the incubation time for the
accommodated long test film 3. Also, in the case of a single-function type apparatus capable of
accommodating only a single long test film 3, the length L [cm] of the incubator 55 is adjusted in
accordance with a long test film 3 requiring the longest incubation time t [min.] among a plurality of the long
test films 3, 3, ... which are expected to be used in the apparatus, and the measurement means 157 is
manually or automatically moved to the position corresponding to the incubation time for the accom-
modated long test film 3.

Figure 6 shows another embodiment of the second biochemical analysis apparatus in accordance with
the present invention. In Figure 6, similar elements are numbered with the same reference numerals with
respect to Figure 5.

With reference to Figure 6, the incubator 55 of the biochemical analysis apparatus 1 is shaped in a
circuiar arc-like form. ) ' )

The circular arc-like configuration of the incubator 55 is advantageous for making the apparatus 1
compact.

The conveyance speed v [cm/min.] of the part of the long test film 3 inside of the incubator 55, the
length L [cm] of the incubator 55, and the position M [cm] of the measurement means 157 are defined in
the same manner as in the embodiment shown in Figure 5.

An embodiment of the third biochemical analysis apparatus in accordance with the present invention
will hereinbelow be described with reference to Figures 7 to 11. In Figure 7, similar elements are numbered
with the same reference numerals with respect to Figure 3.

With reference to Figure 7, the long test film 3 is continuously or intermittently pulled out of the film
feed cassette 7, and wound in the film wind-up cassette 8. A measurement means 257 is reciprocally
moveable by a movement means (not shown) in the directions as indicated by the arrows A and B between
a position (i.e. the position of the measurement means 257 indicated by the solid line) at an edge of an
incubator 255 on the side of the wind-up chamber §1 and a position (i.e. a position 257 indicated by the
broken line) at the other edge of the incubator 255. In this manner, the measurement means 257 measures
the optical density at a plurality of the sample-applied portions of the long test film 3 inside of the incubator
255.

Since the measurement means 257 measures by moving as mentioned above, it cannot simultaneously
measure a plurality of the sample-applied portions. However, in the end point process, measurement may
be carried out sequentially with the same period as the period of sequential sample application, and
therefore a plurality of the sample-applied portions need not be simultaneously measured. On the other
hand, in the rate process, even though a plurality of the sample-applied portions cannot be measured
simuitaneously, the change caused by a color formation progresses temporaily continuously, and therefore
the measured values can be corrected as the time at which the measurement is carried out deviates
slightly.

The measurement means 257 may be provided moveably also to a position 257" indicated by the
broken line for measuring the background, i.e. the optical density of the long test film 3 at the sample
applying position 61 without the liquid sample applied thereon. The value measured by the measurement
means 257 after the sampie appiication and incubation are carried out may be corrected based on the
measured value. In this manner, the measurement accuracy can be improved.

The length L [cm] of the incubator 255 in the direction of conveyance of the long test film 3 will
hereinbelow be described with reference to Figure 8.

Figure 8 shows the relationship between the necessary incubation time t [min.] and the necessary
length L (i.e. L or L") [cm] of the incubator 255.

With reference to Figure 8, the hatched region surrounded by rightwardly rising, parallel straight lines
indicates the temporal movement condition of a portion having a length ¢ {cm], on which a liquid sample
has been applied in a single step of sample application, inside of the incubator 255 in the case where the
long test film 3 is continuously conveyed at a predetermined speed.

In the case where the long test film 3 is conveyed continuously at a predetermined speed v [cm/min.],
the necessary length L’ {(continuous feed) [cm] of the incubator 255 is expressed as
L'=vet+t  (17)
where ! [cm] denotes the length of a portion of the long test film 3 necessary for a single step of sample
application, t [min.] denotes the time for which the sample-applied portion of the long test film 3 is to be
incubated, and n [number/min.] denotes the number of repetitions of the sample application per minute.
Also, the formula
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v=n°*t (18)
applies. Substitution of Formula (18) into Formuia (17) yields
L'z(nt+1)°¢  (19)

In this embodiment, the incubation time t [min.] is defined as the time from when the overall portion
having the length £ [cm] on which a liquid sample has been applied in a single step of sample application
is conveyed into the incubator (i.e. the origin in Figure 8) to when the portion having the length t fem]is at
loast partially conveyed out of the incubator (i.e. the point t0 in Figure 8), i.e. the time for which the overall
portion having the length £ [cm] is accommodated in the incubator. This is because it is 2 mere matter of
definition whether the time for which the overall portion having the length & [ecm] is accommodated in the
incubator is referred to as the incubation time or whether the time for which the portion having the length !
fcm] is at least partially accommodated in the incubator is referred to as the incubation time. In the case
where the definition is changed, the formulas expressed for this embodiment are changed in accordance
with the change in the definition.

In Figure 8, the rightwardly rising, step-like, hatched region indicates the temporal movement condition
of a portion having a length £ [cm], on which a liquid sample has been applied in a single step of sample
application, inside of the incubator 255 in the case where the long test film 3 is intermittently conveyed by a
distance equal to the length £ [cm] necessary for the single step of sample application at one time.

As shown in Figure 8, the long test film 3 is conveyed intermittently so that it stops for the time r1
[min.] and moves for the time 72 [min.]. In this case, a period 7 [min.] of intermittent conveyance of the long
test film 3 is expressed as
T=71 + 712 (20)

In the case where an incubation end point 10 is selected as the end of the stop time 71 [min.] after the stop-
movement cycle has been repeated several times, the necessary length L (intermittent feed) [cm] of the
incubator should satisfy the condition

L'2[nt+1]°2 (1)

where [nt+ 1] denotes the largest integer within the range not larger than nt+1.

As mentioned above, correction is possible when the incubation time deviates slightly. Also, in general,
the movement time 2 [min.] is substantiaily shorter than the stop time 71 [min.]. Therefore, generality is not
Jost even though the end of the stop time 71 [min.] is selected as the incubation end point 0 in the course
of derivation of Formula (21).

In the case where the incubator 255 is constituted to have the length expressed by Formula (19) or
Formula (21) in accordance with whether the biochemical analysis apparatus 1 is constituted to continuously
convey the long test film 3 at the predetermined speed or to intermittently convey the long test film 3, the
processing capacity of the apparatus 1 does not decrease even though a long time t [min.] is taken for the
incubation.

As mentioned above, in this embodiment, the biochemical analysis apparatus 1 is constituted to
simuitaneously accommodate a plurality of the long test films 3, 3, ... The incubation time t [min.] often
differs among the long test films 3, 3, ... for use in analysis of different chemical ingredients or the like. In
this case, the length of the incubator 55 should preferably be adjusted to be equal to the length
corresponding to the longest incubation time, so that a long test film 3 requiring a long incubation time may
be accommodated at any position in the test film accommodating means 12. Also, in the case of a single-
function type apparatus capable of accommodating only a single long test film 3, the length L [cm] of the
incubator 255 is adjusted in accordance with a long test film 3 requiring the longest incubation time t [min.]
among a plurality of the long test films 3, 3, ... which are expected to be used in the apparatus.

Figures 9A and 9B shows the condition of sample application on the long test film 3.

Figure 9A shows the case wherein a plurality of long test films 3, 3, ... corresponding to a plurality of
measurement items are provided side by side in the apparatus, and the long test film 3 shown is
intermittently conveyed by a distance equal to the length % [cm] at one time with the predetermined period
7 [min.] leftward even though measurement corresponding to the long test film 3 is not carried out. The
predetermined period 7 [min.] has the relationship ofr = 1/n with respect to n [number/min.].

The long test film 3 shown in Figure 9A is conveyed leftward with the predetermined period of 7 [min.]
in the manner as mentioned above. A liquid sample is applied onto a portion of the long test film 3 pulled
out of the film feed cassette 7 at the sample applying position 61, and then the sample-applied portion is
conveyed into the incubator 255 and incubated.

The measurement means 257 is reciprocally moveable rightward and leftward in Figure 9A between a
position (the position of the measurement means 257 shown) at which the measurement means 257
measures the optical density of a sample-applied portion 62a at the left edge portion in the incubator 255
and a position at which the measurement means 257 measures the optical density of a sample-applied
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portion 62b at the right edge portion in the incubator 255. In this manner, the measurement means 257
measures the optical density of a plurality of sampie-applied portions 62, 62, ... inside of the incubator 255.
As mentioned above, the measurement means 257 should preferably be constituted to move also to the
position for the measurement of the optical density at the sample applying position 61, thereby to measure
the background, i.e. the optical density of the long test film 3 without the liquid sample applied thereon, at
the sample applying position 61.

With the configuration of the apparatus wherein the long test film 3 is conveyed with the predetermined
period of 7 [min.] also when the measurement corresponding to the long test film 3 is not carried out as
shown in Figure SA, measurement may be carried out, for example, with the measurement means 257
standing stationary at the position 62a in the case where oniy the end point process for carrying out the
measurement after the incubation has been carried out for the predetermined time is empioyed, instead of
the rate process for measuring the optical density at a piurality of the sample-applied portions during the
incubation. However, in this case, portions 63, 63, ... of the long test film 3 remain unused, and the use
efficiency of the long test film 3 decreases. On the other hand, in the case where the rate process is
employed, it is necessary for the measurement means 257 to move aiso when the apparatus is constituted
to always convey the long test film 3 with the predetermined period  [min.] as shown in Figure 9A.

Figure 98B shows an example wherein the apparatus is constituted to make the long test film 3 wait
without conveying it in the case where the measurement corresponding to the long test film 3 is not carried
out. In Figure 9B, similar elements are numbered with the same reference numerals with respect to Figure
9A. In this case, the long test film 3 may often wait for some time without being conveyed. Therefors, the
predetermined incubation time may have already elapsed with the sample-applied portion being located at,
for example, a position 62c also in the case where the end point process is employed. In this case, the
measurement means 257 is moved to the position 62¢, and measures the optical density of the sample-
applied portion at the position 62c.

With this embodiment wherein the movement means 257 is moveable, the measurement using the rate
process can be carried out, and the use efficiency of the long fest film 3 can be maximized by the
utilization of the control method corresponding to Figure 9B in both the end point process and the rate
process.

Figure 10 shows examples of the relationships between the movement of the sample-applied portion 62
in the incubator 255 and the movement of the measurement means 257 shown in Figures 9A and 9B. The
horizontal axis denotes the time as counted from when the sample-applied portion 62 has been accom-
modated in the incubator 255, and the vertical axis denotes the distance inside of the incubator 255 as
measured from the edge of the incubator 265 on the side of the sample applying position 61 toward the
opposite edge of the incubator 255. The single circle indicates the time and the distance in the case where
the measurement is carried out by use of the rate process, and the double circie indicates the time and the
distance in the case where the measurement is carried out by use of the end point process. In Figure 10,
for simplicity of explanation, it is assumed that only four sample-applied portions can be accommodated in
the incubator 255, and the movement of only a single sample-applied portion is shown.

A graph 100 is for the case where the long test film 3 is conveyed by use of the control method
illustrated in Figure 9A. In the case where the end point process is employed, a distance L4 is fixed and the
measurement means 257 measures at the time t5. In the case of the rate process, the measurement means
257 is located at the distance L3 to measure the optical density of a sample-applied portion at the time t1,
the time t2 and the time t3. When the sampie-applied portion is moved to the distance L4, the
measurement means 257 is moved to the distance L4 and measures at the time t4. In this manner, the
measurement means 257 is conirolled to move in accordance with the movement of the sample-applied
portion. In the case where a plurality of the sample-applied portions 62, 62, ... are simultaneously present
inside of the incubator 255 and the measurement is carried out by the rate process, the measurement
means 257 is moved to carry out the measurement for the respective sample-applied portions 62, 62, ... in
the manner as mentioned above. Also, as mentioned above, the measured value can be corrected when a
plurality of the sample-applied portions cannot be measured simultaneously.

A graph 101 is for the case where the long test film 3 is conveyed by use of the control method
illustrated in Figure 9B. In this case, as indicated by the graph 101, the sample-applied portion 62 may be
present at the distance L2 also at the time {5 for the measurement by the end point process. In this case,
the measurement means 257 is moved to the distance L2 for carrying out the measurement. In the exampie
of the graph 101, when the rate process is employed, the measurement means 257 is located at the
distance L2, and measures at the time t1, the time {2, the time t3 and the time t4. When the control method
corresponding to Figure 9B is employed in this manner, the measurement is carried out by moving the
measurement means 257 in both the rate process and the end point process. In the case where a piurality
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of the sample-applied portions 62, 62, ... are simultaneously present inside of the incubator 255, the
measurement means 257 is moved to carry out the measurement for the respective sample-applied
portions 62, 62, ... in the manner as mentioned above.

Figure 11 is a sectional view showing another embodiment of the third biochemical analysis apparatus
in accordance with the present invention. In Figure 11, similar elements are numbered with the same
reference numerals with respect to Figure 7.

With reference to Figure 11, an incubator 255 of a biochemical analysis apparatus 1 is shaped in a
circular arc form, and the measurement means 257 is reciprocally moveable by a movement means (not
shown) in the directions as indicated by the arrows C and D between a position (| e. the position of the
measurement means 257 indicated by the solid line) at an edge of an incubator 255 on the side of a wind-
up chamber 51 and a position (i.e. a position 257 indicated by the broken line) at the other edge of the
incubator 255 . In this manner, the measurement means 257 measures the optlcal density at a plurality of
the sample applied portions of the long test film 3 msxde of the incubator 255, The measurement means
257' may be provided moveably also to a position 257" indicated by the broken line for measuring the
background, i.e. the optical density of the long test film 3 at the sample applylng position 61 without the
liquid sample applied thereon.

The circular arc-like configuration of the incubator 255 is advantageous for making the apparatus 1
compact and for simplifying the mechanlsm for the movement of the movement means 257.

The length L [cm] of the incubator 255" is defined in the same manner as in the embodiment shown in
Figure 7.

An embodiment of the fourth biochemical analysis apparatus in accordance with the present invention
will hereinbelow be described with reference to Figures 12 to 14. In Figure 12, similar elements are
numbered with the same reference numerals with respect to Figure 3.

With reference to Figure 12, the long test film 3 is continuously or intermittently pulled out of the film
foed cassette 7, and wound in the film wind-up cassette 8.

A plurality of measurement means 357, 357, ... are provided at intervals of the length 2 [cm] of the long
test film 3 necessary for a single step of sample application to correspond to a plurality of sampie-appilied
portions of the long test film 3 inside of the incubator 255, thereby to measure the optical density of the
sample-applied portions.

In the case where the measurement means 357, 357, ... are provided in this manner, the optical density
cannot be measured at the middle between two adjacent measurement means 357, 357. However, the
change caused by a color formation progresses temporally continuously, and the measured values can be
corrected as the time at which the measurement is carried out deviates slightly. Therefore, no problem
arises when the optical density cannot be measured at the middle between two adjacent measurement
means 357, 357.

A measurement means 357 may aiso be provided to measure the background, i.e. the optical density
of the long test film 3 without the liquid sample applied thereon, at the sample applying position 61. Vaiues
measured by the measurement means 357, 357, ... after the sample application and incubation have been
carried out may be corrected based on the measured background density. In this manner, the measurement
accuracy can be improved.

The length ¢ [cm] of the incubator 255 in the direction of conveyance of the long test film 3 is defined
in accordance with the continuous feed and the intermittent feed in the same manner as in the embodiment
shown in Figure 7.

Figures 13A and 13B show the conditions of sample application onto the long test fiim 3.

Figure 13A shows the case wherein a plurality of long test films 3, 3, ... corresponding to a plurality of
measurement items are provided side by side in the apparatus, and the long test film 3 shown is
intermittently conveyed by a distance equal to the length 1 [cm] at one time with the predetermined period
7 [min.] leftward even though measurement corresponding to the long test film 3 is not carried out. The
predetermined period r [min.] has the relationship of 7=1/n with respect to n [number/min.].

The long test film 3 shown in Figure 13A is conveyed leftward with the predetermined period of r [min.]
in the manner as mentioned above. A liquid sample is applied onto a portion of the long test film 3 pulled
out of the film feed cassette 7 at the sample applying position 61, and then the sample-applied portion is
conveyed into the incubator 255 and incubated.

A plurality of the measurement means 357, 357, .. are provided to correspond to the respective

sample-applied portions 62, 62, ..., thereby to measure the optical density of a plurality of sample—apphed
portions 62, 62, ... inside of the mcubator 255. As mentioned above, a measurement means 357 may also
be provided at the position for the measurement of the optical density at the sample applying position 61,
thereby to measure the background, i.e. the optical density of the long test film 3 without the liquid sample
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applied thereon, at the sample applying position 61.

With the configuration of the apparatus wherein the long test film 3 is conveyed with the predetermined
period of 7 [min.] also when the measurement corresponding to the long test film 3 is not carried out as
shown in Figure 13A, measurement may be carried out, for example, with a measurement means 357a
corresponding to the position 62a in the case where only the end point process for carrying out the
measurement after the incubation has been carried out for the predetermined time is employed, instead of
the rate process for measuring the optical density at a plurality of the sample-applied portions during the
incubation. However. in this case, portions 63, 63, ... of the long test film 3 remain unused, and the use
efficiency of the long test film 3 decreases. On the other hand, in the case where the rate process is
employed, it is necessary to provide a plurality of the measurement means 357, 357, ... also when the
apparatus is constituted fo always convey the long test film 3 with the predetermined period r [min.] as
shown in Figure 13A.

Figure 13B shows an example wherein the apparatus is constituted to make the long test film 3 wait
without conveying it in the case where the measurement corresponding to the long test film 3 is not carried
out. In Figure 13B, similar elements are numbered with the same reference numerals with respect to Figure
13A. In this case, the long test film 3 may often wait for some time without being conveyed. Thersfore, the
predetermined incubation time may have already elapsed with the sample-supplied portion being located at,
for exampie, a position 62¢ also in the case where the end point process is employed. In this case, the
optical density of the sample-applied portion at the position 62¢ is measured by a measursment means
357¢ corresponding to the position 62c.

With this embodiment wherein a plurality of the movement means 357, 357, ... are provided, the
measurement using the rate process can be carried out, and the use efficiency of the Jong test film 3 can
be maximized by the utilization of the control method corresponding to Figure 13B in both the end point
process and the rate process.

Figure 14 shows examples of the relationships between the movement of the sample-applied portion 62
in the incubator 255 and change-over of a plurality of the measurement means 357, 357, ... shown in
Figures 13A and 13B. The horizontal axis denotes the time as counted from when the sample-applied
portion 62 has been accommodated in the incubator 255, and the vertical axis denotes the positions of a
plurality of the measurement means 357, 357, ... as measured from the edge of the incubator 255 on the
side of the sample applying position 61 toward the opposite edge of the incubator 255. The single circle
indicates the relationship between the time and the measurement means in the case where the measure-
ment is carried out by use of the rate process, and the double circle indicates the relationship between the
time and the measurement means in the case where the measurement is carried out by use of the end
point process. In Figure 10, for simplicity of explanation, it is assumed that only four sample-applied
portions can be accommodated in the incubator 255, and the movement of only a single sample-applied
portion is shown.

In Figure 14, a graph 100 is for the case where the long test film 3 is conveyed by use of the control
method illustrated in Figure 13A. In the case where the end point process is employed, the measurement is
carried out at the time t5 by the measurement means 357 provided at the position L4. In the case of the
rate process, the optical density of a sample-applied portion is measured at the time t1, the time {2 and the
time t3 by the measurement means 357 provided at the position L3. When the sampie-applied portion is
moved to the distance L4, the measurement is carried out at the time t4 by the measurement means 357
provided at the position L4. In this manner, the measurement means 357 used for the measurement is
changed over in accordance with the movement of the sample-applied portion. In the case where a pluraiity
of the sample-applied portions 62, 62, ... are simultaneously present inside of the incubator 255 and the
measurement is carried out by the rate process, the measurement means 357, 357, ... are changed over to
carry out the measurement for the respective sample-applied portions 62, 62, ... in the manner as
mentioned above.

A graph 101 is for the case where the long test film 3 is conveyed by use of the control method
illustrated in Figure 13B. In this case, as indicated by the graph 101, the sample-applied portion 62 may be
present at the distance L2 also at the time t5 for the measurement by the end point process. In this case,
the optical density of the sample-applied portion 62 is measured by the measurement means 357 provided
at the position L2. In the example of the graph 101, when the rate process is employed, measurement is
carried out at the time i1, the time {2, the time t3 and the time t4 by the measurement means 357 provided
at the position L2. When the control method corresponding to Figure 13B is employed in this manner, the
measurement is carried out by changing over the measurement means 357, 357, ... in both the rate process
and the end point process.

An embodiment of the fifth biochemical analysis apparatus in accordance with the present invention will
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hereinbelow be described with reference to Figures 15 and 16. In Figure 15, similar elements are numbered
with the same reference numerals with respect to Figure 3.

With reference to Figure 15, a hole 11 for engagement with the rotation shaft of a motor for rewinding
the long test film 3, which has been pulled out of the film feed cassette 7, into the film feed cassette 7 is
provided at the center of a reel 10 in the film feed cassette 7.

When the film wind-up cassette 8 and the film feed cassette 7 have been accommodated in the wind-
up chamber 51 and the refngerator 50 respectively, rotation shafts of the test film wind-up motor 53 and a
test film rewinding motor 53’ constituting the test film conveyance means engage with the hole 11 formed
at the center of the reel 10 of the film wind-up casseite 8 and the hole 11 formed at the center of the reel
10" of the film feed cassette 7. As the motors 53 and 53" are rotated, the fong test film 3 is continuously
pulled out of the film feed cassette 7 through a film outlet 48 of the refrigerator 50, and is wound up in the
film wind-up cassette 8. Also, when necessary, the long test film 3 pulled out of the film feed cassette 7 is
rewound in the film feed cassette 7. The speed v [cm/min.] at which the long test film 3 is continuously
pulled out of the film feed cassette 7 is expressed as
v=n*t
where { [cm] denotes the length of a portion of the long test film 3 necessary for a single step of sample
application, and n [number/min.] denotes the number of repetitions of the sample application per minute.

The fength L [cm] of the incubator 455 in the direction of conveyance of the long test film 3 is defined
as described below.

First, in this embodiment, the incubation time t [min.] is defined as the time from when the overall

. portion having the length £ [cm] on which a liquid sample has been applied in a single step of sample

application is conveyed into the incubator (i.e. the origin in Figure 8) to when the portion having the length 1
[cm] is at least partially conveyed out of the incubator (i.e. the point t0 in Figure 8), i.e. the time for which
the overall portion having the length L [cm] is accommodated in the incubator. This is because it is a mere
matter of definition whether the time for which the overall portion having the length & [cm] is accom-
modated in the incubator is referred to as the incubation time or whether the time for which the portion
having the length £ [cm] is at least partially accommodated in the incubator is referred to as the incubation
time. In the case where the definition is changed, the formulas expressed for this embodiment are changed
in accordance with the change in the definition.

All of the sample-applied portions can be accommodated over a length L” in the incubator 455 in the
case where the incubator 455 has the length L fcm] expressed as
L'zvet+2 (22)
where ¢ [cm] denotes the length of a portion of the long test film 3 necessary for a single step of sample
application, t [min.] denotes the time for which the sample-applied portion of the long test film 3 is to be
maintained at a predetermined temperature inside of the incubator 455, n [number/min.] denotes the
number of repetitions of the sample application per unit time, and v [cm/min.] denotes the wind-up speed at
which the long test film 3 is continuously wound up by the wind-up motor 53. In this embodiment, the wind-
up speed is equal to the speed at which the long test film 3 is pulled out of the film feed cassette 7, and the
speed of conveyance of the pulled-out long test film 3 inside of the incubator 455. As mentioned above, the
formula
V=n'1 (23)
applles Substltutlon of Formula (23) into Formula (22) yieids
L2 nt+1)° (24)

Therefore, in the case where the incubator 455 has a length satisfying the condition of L >(nt+ 1)1 and
a measurement means 457 is provided at a position of M=(nt+1)* ¢, the optical density of the sample-
applied portion after being incubated for the predetermined time t [min.] can be measured by the
measurement means 457 in accordance with the end point process.

In the case where the optical density is measured by the rate process, the measurement must be
carried out before the sample-applied portion is incubated for the predetermined time t [min.]. Therefore,
the long test film 3 is conveyed by the motors 53 and 53 toward the film wind- -up cassetie 8 until a
predetermined sample-applied portion of the long test film 3 is brought to the position corresponding to the
measurement means 457. In this case, sample-applied portions on which a liquid sample has been applied
prior to said predetermined sample-applied portion and which are to be measured must be maintained in
the incubator 455 and continue to be incubated. For this purpose, the incubator 455 should have the length
L’ expressed as Formula (24) also on the side closer to the wind-up chamber 51 than the measurement
means 457. Therefore, the length L [cm] of the incubator 455 in the direction of conveyance of the long test
film 3 is defined as
Lz2°L'z28*(nt+1) (25
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The distance M [cm] between an inlet of the incubator 455 for the long test film 3 and the measurement
means 457 as measured from the inlet toward an outlet of the incubator 455 is defined as described below.

In order that all of the portions of the long test film 3 on which the liquid sampie has been appiied
sequentially be accommodated in the area of the incubator 455 on the side closer to the film feed cassette
7 than the measurement means 457, the measurement means 457 should be provided at a position
satisfying the condition
Mzt +1)°*1 (26)

Also, in order that all of the sample-applied portions be accommodated in the area of the incubator 455 on
the side closer to the film wind-up cassette 8 than the measurement means 457, the measurement means
457 should be provided at a position satisfying the condition

MsL-(nt+1)°t (27)

The distance M [cm)] satisfying Formula (26) and Formula (27) at the same time is expressed as
L-nt+1)*tsMs(nt+1)° 1 (28)

In this embodiment wherein the test film conveyance means is constituted by the motors 53 and 53,
the long test film 3 is continuously moveable reciprocally, the incubator 465 has the length satisfying the
condition of Formula {25) and the measurement means 457 is provided at the position satisfying the
condition of Formula (28), measurement can be carried out also by use of the rate process, and the sample
application, incubation and measurement can be carried out quickly and sequentially.

Since the measurement is carried out by moving the long test film 3 as mentioned above, a plurality of
the sampie-applied portions cannot be measured simultaneously. However, in the end point process,
measurement may be carried out sequentially with the same period as the period of sequential sample
application, and therefore a plurality of the sample-applied portions need not be simuitaneously measured.
On the other hand, in the rate process, even though a plurality of the sample-applied portions cannot be
measured simultaneousily, the change caused by a color formation progresses temporally continuously, and
therefore the measured values can be corrected as the time at which the measurement is carried out
deviates slightly.

A measurement means 457 may also be provided to measure the background, i.e. the optical density
of the long test film 3 without the liquid sample applied thereon, at the sample applying position 61. The
value measured by the measurement means 457 after the sample application and incubation have been
carried out may be corrected based on the measured background density. In this manner, the measurement
accuracy can be improved.

Figure 16 shows another embodiment of the fifth biochemical analysis apparatus in accordance with the
present invention. In Figure 16, similar elements are numbered with the same reference numerals with
respect to Figure 15.

With reference to Figure 16, the exposed portion of the long test film 3 between the film feed cassette 7
and the film wind-up cassette 8 passes between rollers 71 and 72, applied around a gravity roller 79,
passes between rollers 73 and 74, and then passes through the incubator 455. After leaving the incubator
455, the long test film 3 passes between roilers 75 and 78, applied around a gravity roller 80, and passes
between rollers 77 and 78. The roller 71 is coupled with a rotation shaft of a motor (not shown). On the
other hand, no motor is provided for the film feed cassette 7. The motor is rotated in the direction that pulis
out the long test film 3 from the film feed cassette 7, and is controlled so that the height of the gravity roller
79 is within a predetermined range.

The roller 75 is coupled with a rotation shaft of a motor (not shown) capable of being rotated in normai
and reverse directions. The rollers 75 and 73 are coupled to simultaneously convey the long test film 3 by
the same distances in the same direction. The motor is rotated in the normal or reverse direction to convey
a predetermined sample-applied portion of the long test film 3 to the position corresponding to the
measurement means 457. When a part of the long test film 3 is conveyed out of the incubator 455 by this
conveyance operation, one of the gravity rollers 79 and 80 is moved down and the other thereof is moved
up, and said part of the long test film 3 is temporarily accommodated at the position of the gravity roller
moved down.

A portion of the long test film 3 at which the measurement has been finished is wound up in the film
wind-up cassette 8 by the motor 53 engaging with the hole 11 provided at the center of the reel 10 of the
film wind-up cassette 8.

The long test film 3 may be provided so that the part inside of the incubator 455 is moveable
reciprocally as in this embodiment, and the overall long test film 3 need not necessarily be moved
reciprocaily.

An embodiment of the sixth biochemical analysis apparatus in accordance with the present invention
will hereinbelow be described with reference to Figure 3. in this embodiment, the long test film 3 is
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intermittently pulled out of the film feed cassette 7 by a distance equal to the length ¢ [cm] of the long test
film 3 necessary for a single step of sample application through the outlet 48 of the refrigerator 50.

In this embodiment, the length L {cm] of the incubator 55 in the direction of conveyance of the long test
film 3 is defined as described below. Specifically, the incubator 55 has the length L [cm] expressed as
Lznt+11°t  (29)
where £ [cm] denotes the length of a portion of the long test film 3 necessary for a single step of sample
application, t [min.] denotes the time for which the sample-applied portion of the long test film 3 is to be
maintained at a predetermined temperature inside of the incubator 55, and n [number/min.] denotes the
number of repetitions of the sample application per unit time. Also, [nt+ 1] denotes the largest integer within
the range not larger than nt+1.

In the case where the incubator 55 has the length expressed by L, the processing capacity of the
apparatus 1 does not decrease even though a long time t [min.] is taken for the incubation.

Figure 8 shows the relationship between the necessary incubation time t [min.] and the necessary
length L (i.e. L) [em] of the incubator 55. The long test film 3 is intermittently conveyed by a distance equal
to the length £ [cm] necessary for a single step of sample application. In Figure 8, the rightwardly-rising,
step-like, hatched region indicates the temporal movement condition of the portion (length ¢ [cm]) of the
long test film, on which the liquid sample has been applied in a single step, in the incubator. A period 7 -
[min.] of the intermittent conveyance of the long test film is expressed as
T=T11 + 72 (30)
where 71 [min.] denotes each stop time for which the long test film 3 is stopped in the intermittent
conveyance, and 72 [min.] denotes each movement time between the start of the movement of the long test
film 3 after the stop time +1 [min.] has elapsed and the stop at the next stop position after the movement by
a distance equal to the length & [cm]. Therefore, the number n [number/min.] of repetitions of the sample
application per minute is expressed as

n = - ceo (37)
Ty + 72 T

The incubation time t [min.] is defined as described below. The time at which the overall sample-
applied portion having the length t [cm] is conveyed into the incubator is taken as the origin. The time
elapsed between the origin and the point t0 at the end of the last stop time r1 [min.] after the stop-
movement cycle has been repeated several times is taken as the incubation time t [min.]. It is a mere
matter of definition whether the time for which the overall portion having the length ¢ [cm] is accom-
modated in the incubator is referred to as the incubation time or whether the time for which the portion
having the length 1 [cm] is at least partially accommodated in the incubator is referred to as the incubation
time. Therefore, in this embodiment, the time for which overall sample-applied portion having the length £ -
[cm] is being accommodated in the incubator is defined as the incubation time t [min.]. Also, the color
forming reaction caused by the incubation is continuous, and therefore the measured value can be
corrected when the time between the start of the incubation and the measurement of the optical density
caused by the color forming reaction changes slightly. Therefore, generality is not lost in the case where
the time at which the overall sample-applied portion having the length t [cm] is accommodated in the
incubator is taken as the origin, and the time t [min.] elapsed between the origin and the point t0 at the end
of the last stop time 1 [min.] after the stop-movement cycle has been repeated several times is taken as
the incubation time. In the case where the definition is changed, the formulas expressed for this
embodiment are changed in accordance with the change in the definition. In the case where the long test
film is conveyed continuously so that the conveyance speed v [cm/min.] is expressed as
ve—x=n't (32
as indicated by the rightwardly-rising, parallel straight lines in Figure 8, in order that the overall sample-
applied portlon having the length 1 [cm] is accommodated in the incubator for the incubation time t [min.],
the length L [cm] cf the incubator should satisfy the condition
L'zvet+t=(t+1)°1 (33)

However, in this embodiment, the long test film is conveyed intermittently so that it stops for the time
71 [min.] and moves for the time 72 [min.]. Therefore, the necessary length L (i.e. L) [em] of the incubator
should satisfy the condition
Lznt+1]° 1 (34)

21



10

15

20

25

30

35

40

45

50

55

EP 0 304 921 A2

where [nt+ 1] denotes the largest integer within the range not larger than nt+1.

In order to define the length L of the incubator 55, it is only necessary that the part of the long test film
3 inside of the incubator 55 is conveyed intermittently by a distance equal to the length t {cm] at one time.
For example, the long test film 3 may be continuousiy pulled out of the film feed cassette 7, and a buffer for
shifting the conveyance of the long test film 3 from continuous operation {o the intermittent operation may
be provided between the refrigerator 50 and the sample applying position 61.

As mentioned above, in this embodiment. the biochemical analysis apparatus 1 is constituted to
simuitaneously accommodate a piurality of the long test fiims 3, 3, ... The incubation time t [min.] often
differs among the long test films 3, 3, ... for use in analysis of different chemical ingredients or the like. In
this case, the length of the incubator 55 should preferably be adjusted o be equal to the length
corresponding to the longest incubation time, so that a long test film 3 requiring a long incubation time may
be accommodated at any position in the test film accommodating means 12. Also, in the case of a single-
function type apparatus capable of accommodating only a single long test film 3, the length L {cm] of the
incubator 55 is adjusted in accordance with a long test film 3 requiring the longest incubation time t [min.]
among a plurality of the long test films 3, 3, ... which are expected to be used in the apparatus.

The sixth biochemical analysis apparatus in accordance with the present invention may also be
constituted as shown in Figure 4. Also, in this case, the length L [cm] of the incubator 55  is defined in the
same manner as in the first embodiment of the sixth biochemical analysis apparatus in accordance with the
present invention.

An embodiment of the seventh biochemical analysis apparatus in accordance with the present invention
will hersinbelow be described with reference to Figure 3. In this embodiment, the long test film 3 is
intermittently pulled out of the film feed cassette 7 by a distance equal to the length { [cm] of the long test
film 3 necessary for a single step of sample application through the outlet 49 of the refrigerator 50.

In this embodiment, the length L [cm] of the incubator 55 in the direction of conveyance of the long test
film 3 is defined by Formula (29) as in the sixth biochemical analysis apparatus in accordance with the
present invention.

Also, the measurement by the end point process can be carried out by providing the measurement
means 57 at a position of
M=[nt+1]°1¢ (35)
where { [cm] denotes the length of a portion of the long test film 3 necessary for a single step of sample
application, and t [min.] denotes the time for which the sampie-applied portion of the long test film 3 is to
be maintained at a predetermined temperature inside of the incubator 55.

In the case where the incubator 55 has the length expressed by L, the processing capacity of the
apparatus 1 does not decrease sven though a long time t [min.] is taken for the incubation. Also, as the
measurement means 57 is provided at the position indicated by M in Formula (35), the measurement using
the end point process can be carried out continuously by measuring the optical density of the sample-
applied portion of the long test film 3 at the end of the incubation time t for said sample-applied portion.

Also, with this embodiment wherein the end point process is employed, the measurement means 57
may be located at the position capable of measuring the sample-applied portion of the long test film 3
exactly after the incubation time t [min.] has elapsed. Therefore, the distance M [cm] between the inlet of
the incubator 55 for the long test film 3 and the measurement means 57 as measured from the inlet to the
outlet of the incubator should satisfy the condition
M=[Mht+1]°1¢ (36)

In order to define the length L of the incubator 55 and the position of the measurement means 57, it is
only necessary that only the part of the long test film 3 inside of the incubator 55 be conveyed
intermitiently by a distance equal to the length t [cm] at one time. For example, the long test film 3 may be
continuously puiled out of the film feed cassette 7, and a buffer for shifting the conveyance of the long test
film 3 from the continuous operation fo the intermittent operation may be provided between the refrigerator
50 and the sample applying position 61.

As mentioned above, in this embodiment, the biochemical analysis apparatus 1 is constituted to
simuitaneously accommodate a plurality of the long test films 3, 3, ... The incubation time t [min.] often
differs among the long test films 3, 3. ... for use in analysis of different chemical ingredients or the like. In
this case, the length of the incubator 55 should preferably be adjusted to be equal to the length
corresponding to the longest incubation time, so that a long test film 3 requiring a long incubation time may
be accommodated at any position in the test film accommodating means 12. In this case, the measurement
means 57 is manually or automatically moved to the position corresponding to the incubation time for the
accommodated long test film 3. Also, in the case of a single-function type apparatus capable of
accommodating only a single long test film 3, the length L [cm] of the incubator 55 is adjusted in
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accordance with a long test film 3 requiring the longest incubation time t {min.] among a plurality of the long
test films 3, 3, ... which are expected to be used in the apparatus, and the measurement means 57 is
manually or automatically moved to the position corresponding to the incubation time for the accom-
modated long test film 3.

The seventh biochemical analysis apparatus in accordance with the present mventlon may also be
constituted as shown in Figure 4. Also, in this case, the length L [cm] of the incubator 55 and the position

M [cm] of the measurement means 57 are defined in the same manner as in the first embodiment of the
sevenih biochemical analysis apparatus in accordance with the present invention.

An embodiment of the sighth biochemical analysis apparatus in accordance with the present invention
will hereinbelow be described with reference to Figures 15, 16, 17A and 17B.

With reference to Figure 15, in this embodiment, the long test film 3 is intermittently pulled out of the
film feed cassette 7 by a distance equal to the length t [cm] of the long test film 3 necessary for a single
step of sample application at intervals of, for example, the time 1/n {min.] necessary for a single step of
sample application, through the outlet 49 of the refrigerator 50. Also, when necessary, the long test film 3
pulled out of the film feed cassette 7 is rewound in the film feed cassette 7.

In this embodiment, the length L [cm] of the incubator 455 in the direction of conveyance of the long
test film 3 is defined as described below. As mentioned above by use of Formulas (30) to (34) with
reference to Figure 8 showing the embodiment of the sixth biochemical analysis apparatus in accordance
with the present invention, the long test film is conveyed mtermlttently so that it stops for the time 71 [min.]
and moves for the time r2 [min.]. Therefore, the necessary length L {cm] of the incubator should satisfy the
condition
L'z2t+1]*t (37
where [nt + 1] denotes the largest integer within the range not larger than nt +1.

Therefore, in the case where the incubator 455 has a length satisfying the condition of L 2{nt+1]* 1 and
the measurement means 457 is provided at a position of M=[nt+ 1]* ¢, all of the sample-applied portions of
the long test film 3 can be accommodated in the incubator 455, and the optical density of the sample-
applied portion after being incubated for the predetermined time t [min.] can be measured by the
measurement means 457 in accordance with the end point process.

In the case where the optical density is measured by the rate process, the measurement must be
carried out before the sample-applied portion is incubated for the predetermined time t [min.]. Therefore,
the long test film 3 is conveyed by the motors 53 and 53 toward the film wind-up cassette 8 until a
predetermined sample-applied portion of the long test film 3 is brought to the position corresponding to the
measurement means 457. In this case, sample-applied portions on which a liquid sample has been applied
prior to said predetermined sample-applied portion and which are to be measured must be maintained in
the incubator 455 and continue to be incubated. For this purpose, the incubator 455 should have the length
L expressed as Formula (37) also on the side closer to the wind-up chamber 51 than the measurement
means 457. Therefore, the length L [cm] of the incubator 455 in the direction of conveyance of the long test
film 3 is defined as
Lz2°L' 22t [nt+1] (38)

In this embodiment of the eighth biochemical analysis apparatus in accordance with the present
invention, the distance M [cm] between an inlet of the incubator 465 for the long test film 3 and the
measurement means 457 as measured from the inlet toward an outlet of the incubator 455 is defined as
described below.

In order that all of the portions of the long test film 3 on which the liquid sample has been applied
sequentially be accommodaied in the area of the incubator 455 on the side closer to the film feed cassette
7 than the measurement means 457, the measurement means 457 should be provided at a position
satisfying the condition
Mzint+1]°1¢ (39)

Also, in order that all of the sample-applied portions be accommodated in the area of the incubator 455 on
the side closer to the film wind-up cassette 8 than the measurement means 457, the measurement means
457 should be provided at a position satisfying the condition

MSL-[nt+1]° 1 (40)

The distance M [cm] satisfying Formula (39) and Formula (40) at the same time is expressed as
L-[nt+1]"tsMsnt+1]1°* 1% (41)

In this embodiment wherein the test film conveyance means is constituted by the motors 53 and 53,

the long test film 3 is moveable reciprocally, the incubator 455 has the length satisfying the condition of
Formula (38) and the measurement means 457 is provided at the position satisfying the condition of
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Formula (41), measurement can be carried out also by use of the rate process, and the sample application,
incubation and measurement can be carried out quickly and sequentially.

Since the measurement is carried out by moving the long test film 3 as mentioned above, a plurality of
the sample-applied portions cannot be measured simuitaneously. However, in the end point process,
measurement may be carried out sequentiaily with the same period as the period of sequential sample
appiication, and therefore a plurality of the sample-applied portions need not be simuitaneously measured.
On the other hand, in the rate process, even though a plurality of the sample-applied portions cannot be
measured simultaneously, the change caused by a color formation progresses temporally continuously, and
therefore the measured values can be corrected as the time at which the measurement is carried out
deviates slightly. )

Also, in this embodiment, the measurement means 457 may be provided to measure the background,
i.e. the optical density of the long test film 3 without the liquid sample applied thereon, at the sample
applying position 61. The value measured by the measurement means 457 after the sample application and
incubation have been carried out may be corrected based on the measured background density. In this
manner, the measurement accuracy can be improved.

Figures 17A and 17B show the conditions of sample application onto the long test film 3.

Figure 17A shows the case wherein a plurality of long test films 3, 3, ... corresponding to a pilurality of
measurement items are provided side by side in the apparatus, and the long test fiim 3 shown is
intermittently conveyed by a distance equal to the length ¢ [cm] at one time with the predetermined period
7 [min.] leftward even though measurement corresponding to the long test film 3 is not carried out. The
predetermined period r [min.] has the relationship of r = 1/n with respect to n [number/min.].

The long test film 3 shown in Figure 17A is conveyed leftward with the predetermined period of 7 [min.]
in the manner as mentioned above. A liquid sample is applied onto a portion of the long test fiim 3 pulled
out of the film feed cassette 7 at the sample applying position 61, and then the sample-applied portion is
conveyed into the incubator 455 and incubated.

As mentioned above, the length L of the incubator 455 satisfies the condition of L22% *[nt+ 1], and the
distance M between the inlet of the incubator 465 and the measurement means 457 is within the range of L-
te{nt+1]sMsL*[nt+1]. The long test film 3 is reciprocaily conveyed by the test film conveyance means in
the directions as indicated by the arrows A and B, a predetermined sample-applied portion among a
plurality of the sample-applied portions 62, 62, ... is moved to the position corresponding to the measure-
ment means 457, and the optical density of said sample-appli}ed portion is measured.

Also, as mentioned above, the measurement means 457 may be provided for the measurement of the
optical density at the sample applying position 61, thereby to measure the background, i.e. the optical
density of the long test film 3 without the iiquid sample applied thereon, at the sample applying position 61.

With the configuration of the apparatus wherein the long test film 3 is conveyed with the predetermined
period of r [min.] also when the measurement corresponding to the long test film 3 is not carried out as
shown in Figure 17A, measurement can be carried out sequentiaily by the measurement means 457 by
sequentiaily conveying the long test film 3 only toward the film wind-up cassette 8 in the case where only
the end point process for carrying out the measurement after the incubation has been carried out for the
predetermined time is employed, instead of the rate process for measuring the optical density at a plurality
of the sample-applied portions during the incubation. However, in this case, portions 63, 63, ... of the long
test film 3 remain unused, and the use efficiency of the long test film 3 decreases. On the other hand, when
the rate process is employed, it is necessary for the long test film 3 to be moved reciprocally also in the
case of Figure 17A. In this case, each time a single step of measurement is finished, the latest sample-
applied portion 62 (including the unused portion 63 on which no liquid sample has been applied because of
the conveyance) on the long test film 3 is moved to the position 62a closest to the inlet of the incubator
455, and waits at the position 62a. In the case where the liquid sample is applied to a new portion of the
long test film 3 at the sample applying position 61 or in the case where the predetermined period 7 [min.]
has elapsed without sample application when the measurement corresponding to the long test film 3 is not
to be carried out, the long test film 3 is conveyed by the test film conveyance means by a distance equal to
the length ¢ [cm] toward the film wind-up cassette 8, and waits for the next step. In the case where the
measurement of a predetermined sample-applied portion becomes necessary during this operation, the
predetermined sample-applied portion is moved to the position corresponding to the measurement means
457, subjected to the measurement, and then the long test film 3 is returned to the waiting condition.

Figure 17B shows an example wherein the apparatus is constituted to make the long test film 3 wait
without conveying it in the case where the measurement corresponding to the long test film 3 is not carried
out. In Figure 17B, similar elements are numbered with the same reference numerals with respect to Figure
17A. In this case, the long test film 3 may often wait for some time without being conveyed. Therefore, the
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predetermined incubation time may have already elapsed with the sample-applied portion being located at,
for example, a position 62b also in the case where the end point process is employed. In this case, the the
sample-applied portion at the position 62b is moved to the position corresponding to the measurement
means 457 and subjected to the measurement.

As in the case of Figure 17A, after the predetermined sample-applied portion is moved fo the position
corresponding to the measurement means 457 and subjected to the measurement, the long test film 3 is
moved until the latest sample-applied portion is located at the position 62a, and is then returned to the
waiting condition. However, in Figure 17B, in the case where a new step of sample application is not carried
out at the sample applying position 61 as the measurement corresponding to the long test film 3 is not to
be carried out, the long test film 3 is maintained in the current waiting condition without being conveyed.

With this embodiment whersin the long test film 3 is moveable reciprocally, the measurement using the
rate process can be carried out, and the use efficiency of the long test film 3 can be maximized by the
utilization of the control method corresponding to Figure 17B in both the end point process and the rate
process. .

The eighth biochemical analysis apparatus in accordance with the present invention may also be
constituted as shown in Figure 16.

Claims

1. A biochemical analysis apparatus comprising:

i) a sample accommodating means for accommodating a liquid sample,

ii) a test film accommodating means for accommodating a fong test film containing a reagent which
reacts with said liquid sample to give rise to a change in optical density,

iii) a test film conveyance means for sequentially puiling out said long test film accommodated in
said test film accommodating means,

iv) a sample application means for taking up said liquid sample accommodated in said sample
accommodating means and applying a predstermined amount of said liquid sample onto said long test film
at the position to which said long test film has been pulled out of said test film accommodating means,

v) an incubator for maintaining the sample-applied portion of said long test film at a predetermined
temperature for a predetermined time, and )

vi) a measurement means for irradiating light to said sampie-applied portion of said long test film and
measuring the optical density given rise to by said reaction during or after the passage of said predeter-
mined time,
wherein the improvement comprises:

a) constituting said test film conveyance means to continuously convey at least the part of said long test
film inside of said incubator so that a speed v [cm/min.] at which the part of said long test film inside of said
incubator is conveyed is expressed as
v=n*{,
b) constituting said incubator so that a length L [cm] of said incubator in the direction of conveyance of said
long test film satisfies the condition
L2(nt+1)° £,
where & [cm] denotes the length of a portion of said long test film necessary for a single step of sample
application, t [min.] denotes said predetermined time, and n [number/min.] denotes the number of
repetitions of said sample application per unit time.

2. A biochemical analysis apparatus comprising:

i) a sample accommodating means for accommodating a liquid sample,

i) a test film accommodating means for accommodating a long test film containing a reagent which
reacts with said liquid sample to give rise to a change in optical density,

i) a test film conveyance means for sequentially pulling out said long test film accommodated in
said test film accommodating means,

iv) a sample application means for taking up said liquid sample accommodated in said sampie
accommodating means and applying a predetermined amount of said liquid sample onto said long tfest film
at the position to which said long test film has been pulled out of said test film accommodating means,

v) an incubator for maintaining the sample-appiied portion of said long test film at a predetermined
temperature for a predetermined time, and
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vi} a measurement means for irradiating light to said sampie-applied portion of said long test film and
measuring the optical density given rise to by said reaction after the passage of said predetermined time,
wherein the improvement comprises: .

a) constituting said test film conveyance means to continuously convey at least the part of said long test
film inside of said incubator so that a speed v [cm/min.] at which the part of said long test film inside of said
incubator is conveyed is expressed as
v=n*i,
b) constituting said incubator so that a length L [cm] of said incubator in the direction of conveyance of said
long test film satisfies the condition
Lz(nt+1)° 1,
and
c) providing said measurement means so that a distance M [cm] between an inlet of said incubator for said
long test film and said measurement means as measured from said iniet of said incubator toward an outlet
thereof satisfies the condition
M=(nt+1)*t,
where { [cm] denotes the length of a portion of said long test film necessary for a single step of sampie
application, t [min.] denotes said predetermined time, and n [number/min.] denotes the number of
repetitions of said sample application per unit time.

3. A biochemical analysis apparatus comprising:

i) a sample accommodating means for accommodating a liquid sample,

ii) a test film accommodating means for accommodating a long test film containing a reagent which
reacts with said liquid sample to give rise to a change in optical density,

iiiy a test film conveyance means for sequentially' pulling out said long test film accommodated in
said test film accommodating means,

iv) a sample application means for taking up said liquid sample accommodated in said sample
accommodating means and applying a predetermined amount of said liquid sample onto said fong test film
at the position to which said long test film has been pulled out of said test film accommodating means,

v} an incubator for maintaining the sample-applied portion of said long test film at a predetermined
temperature for a predetermined time, and

vi) a measurement means for irradiating light to said sample-applied portion of said long test film and
measuring the optical density given rise to by said reaction during or after the passage of said predeter-
mined time,
wherein the improvement comprises:

a) constituting said incubator to have a length in the direction of conveyance of said long test film adapted
to accommodation of a plurality of sample-applied portions of said long test film, and
b) providing said measurement means moveably along the part of said long test film inside of said
incubator for measuring the optical density of a plurality of said sample-applied portions of said iong test
film inside of said incubator.

4. A biochemical analysis apparatus comprising:

i) a sample accommodating means for accommodating a liquid sampie,

fi) a test film accommodating means for accommodating a long test film containing a reagent which
reacts with said liquid sample to give rise to a change in optical density,

iii) a test film conveyance means for sequentially pulling out said long test film accommodated in
said test film accommodating means,

iv) a sample application means for taking up said liquid sample accommodated in said sample
accommodating means and applying a predetermined amount of said liquid sample onto said long test film
at the position to which said long test film has been pulled out of said test film accommodating means,

v) an incubator for maintaining the sample-applied portion of said long test film at a predetermined
temperature for a predetermined time, and

vi) a measurement means for irradiating light to said sampie-applied portion of said long test film and
measuring the optical density given rise to by said reaction during or after the passage of said predster-
mined time,
wherein the improvement comprises:

a) constituting said incubator to have a length in the direction of conveyance of said long test film adapted
to accommodation of a plurality of sample-applied portions of said long test film, and

b) providing a plurality of measurement means along the part of said long test film inside of said incubator
for measuring the optical density of a plurality of said sample-applied portions of said long test film inside of
said incubator.
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5. A bicchemical analysis apparatus comprising:

i) a sample accommodating means for accommodating a liquid sample,

ii) a test film accommodating means for accommodating a long test film containing a reagent which
reacts with said liquid sample to give rise to a change in optical density,

iii) a test film conveyance means for sequentially pulling out said long test film accommodated in
said test film accommodating means,

iv) a sample application means for taking up said liquid sample accommodated in said sample
accommodating means and applying a predetermined amount of said liquid sample onto said ong test fiim
at the position to which said long test film has been puiled out of said test film accommodating means,

v) an incubator for maintaining the sample-applied portion of said long test fiim at a predstermined
temperature for a predetermined time, and

vi) a measurement means for irradiating light to said sample-applied portion of said long test film and
measuring the optical density given rise to by said reaction during or after the passage of said predeter-
mined time,
wherein the improvement comprises:

a) constituting said incubator so that a length L fem] of said incubator in the direction of conveyance of said
long test film satisfies the condition
L2217 (nt+1),
b) providing said measurement means so that a distance M [cm] between an inlet of said incubator for said
long test film and said measurement means as measured from said inlet of said incubator toward an outlet
thereof satisfies the condition
L (nt+ 1)SMSL-L *(nt + 1),
where £ [cm] denotes the length of a portion of said long test film necessary for a single step of sample
application, t [min.] denotes said predetermined time, and n [number/min.] denotes the number of
repetitions of said sample application per unit time, and
c) constituting said test film conveyance means to continuously reciprocally move at least the part of said
long test film inside of said incubator in the length direction of said long test film.

6. A biochemical analysis apparatus comprising:

i) a sample accommodating means for accommodating a liquid sample,

i) a test film accommodating means for accommodating a long test film containing a reagent which
reacts with said liquid sample to give rise to a change in optical density,

iii) a test film conveyance means for sequentially pulling out said long test film accommodated in
said test film accommodating means,

iv) a sample application means for taking up said liquid sample accommodated in said sample
accommodating means and applying a predetermined amount of said liquid sample onto said long test film
at the position to which said long test film has been puiled out of said test film accommodating means,

v) an incubator for maintaining the sample-applied portion of said long test film at a predetermined
temperature for a predetermined time, and

vi) a measurement means for irradiating light to said sample-applied portion of said long test film and
measuring the optical density given rise to by said reaction during or after the passage of said predeter-
mined time,
wherein the improvement comprises:

a) constituting said test film conveyance means to intermittently convey at least the part of said long test
film inside of said incubator by a distance equal to a length L [cm] at one time, and
b) constituting said incubator so that a length L [cm] of said incubator in the direction of conveyance of said
long test film satisfies the condition
L2[nt+1]° ¢,
where 1 [cm] denotes the length of a portion of said long test film necessary for a single step of samplie
application, t [min.] denotes said predetermined time, n [number/min.] denotes the number of repetitions of
said sample application per unit time, and [nt+ 1] denotes the largest integer within the range not larger
than nt+1.

7. A biochemical analysis apparatus comprising:

i) a sample accommodating means for accommodating a liquid sample,

i) a test film accommodating means for accommodating a long test film containing a reagent which
reacts with said liquid sample to give rise to a change in optical density,

iii) a test film conveyance means for sequentially puiling out said long test film accommodated in
said test film accommodating means,
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iv) a sample application means for taking up said liquid sample accommodated in said sample
accommodating means and applying a predetermined amount of said liquid sample onto said long test film
at the pesition to which said iong test film has been pulled out of said test film accommodating means,

v} an incubator for maintaining the sample-applied portion of said long test fiim at a predetermined
temnperature for a predetermined time, and

vi) a measurement means for irradiating light to said sample-applied portion of said long test film and
measuring the optical density given rise to by said reaction after the passage of said predetermined time,
wherein the improvement comprises:

a) constituting said test film conveyance means to intermittently convey at ieast the part of said long test
film inside of said incubator by a distance equal to a length t [cm] at one time,
b) constituting said incubator so that a length L [cm] of said incubator in the direction of conveyance of said
long test film satisfies the condition
L2[nt+1]* ¢,
and
¢) providing said measurement means so that a distance M [cm] between an inlet of said incubator for said
long test film and said measurement means as measured from said inlet of said incubator toward an outlet
thereof satisfies the condition
M=[nt+1]*¢,
where t [cm] denotes the length of a portion of said long test film necessary for a single step of sample
application, t [min.] denotes said predetermined time, n [number/min.] denotes the number of repetitions of
said sample application per unit time, and [nt+ 1] denotes the largest integer within the range not larger
than nt+1.

8. A biochemical analysis apparatus comprising:

i} a sample accommodating means for accommodating a liquid sample,

ii) a test film accommodating means for accommodating a long test film containing a reagent which
reacts with said liquid sample to give rise to a change in optical density,

iiiy a test film conveyance means for sequentiaily pulling out said long test film accommodated in
said test film accommodating means,

iv) a sample application means for taking up said liquid sample accommodated in said sample
accommodating means and applying a predetermined amount of said liquid sample onto said long test film
at the position to which said long test film has been pulled out of said test film accommodating means,

v) an incubator for maintaining the sample-applied portion of said long test film at a predetermined
temperature for a predetermined time, and

vi) a measurement means for irradiating light to said sample-applied portion of said long test film and
measuring the optical density given rise to by said reaction during or after the passage of said predeter-
mined time,
wherein the improvement comprises:

a) constituting said incubator so that a length L [cm] of said incubator in the direction of conveyance of said
long test film satisfies the condition

228 °[nt+1],

b} providing said measurement means so that a distance M {cm] between an inlet of said incubator for said
long test film and said measurement means as measured from said inlet of said incubator toward an outlet
thereof satisfies the condition

tent+1]sMsL-L*[nt+ 1],

and

¢) constituting said test film conveyance means to intermittently move forward at lteast the part of said long
test film inside of said incubator toward said outlet of said incubator by a distance equal to a length ¢ [cm]
at one time, and to reciprocally move at least the part of said long test film inside of said incubator so that
said sample-applied portion is moved to the position of said measurement means at the time said optical
density is to be measured,

where { [cm] denotes the length of a portion of said long test film necessary for a single step of sample
application, t {min.] denotes said predetermined time, n [number/min.] denotes the number of repetitions of
said sample application per unit time, and [nt+ 1] denotes the largest integer within the range not larger
than nt+ 1.
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